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Abstract 
\ 
Seven experimental steel cutting grades of cemented 
carbides were characterized for P~¥sical and mechanical 
p~operties and for performance in actual cutting tests. 
Two forms of wear measurement for three distinct conditions 
provided six dependent variables. Thirteen independent 
variables were obtained from the property measurements. 
Stepwise linear regression analyses were used to determine 
the extent and significance of any correlation between pro-
perties and performance. In all six cases, at the 95% con-
fidence level, significant correlations were obtained. In 
fact, four of them were significant at the 99% confidence 
level. In addition to this primary observation and conclu-
sion the following pertinent conclusions were reached. Many 
of the properties typically measured on carbides never enter-
ed the regression equation, or only played minor roles. Of 
the properties that played primary or secondary roles in the 
regressions, 50% were elevated temperature properties. Most 
of the properties behaved as expected based on qualitative 
observations, thus providing physical significance and just-
ification for their use in regression equations. 
1 
Introduction and Objectives 
The conception of this work was based on two factors. 
First, the efforts of Professor George E. Kane since 1967 
to provide a better means for classification of cemented 
carbide cutting tools based on the hypothesis that an in-
herent method should be available, by means of identifi-
cation of cri·tical tool properties. Second, the author's 
desire to determine if a more scientific approach could be 
developed for the design of cutting tools by the identifi-
cation of those properties that contribute significantly to 
cutting performance. Obviously, the two factors are related. 
The work described here involves efforts to accomplish 
the following objectives: 
1) to characterize the cutting performace of 
a series of cemented carbide cutting tools, 
2) to characterize the properties of the ex-perimental alloys used in the above cutting, 
3) to determine the extent and significance to 
which a correlation existed between the properties and performance of the experi-
mental cutting tools, and 
4) as a fourth, but secondary objective rela-tive to the first three, to determine qualitatively the effect of the variables introduced to change the properties and thus performance of the cutting tools . 
. '), 
2 
Background Information 
Definition of Problem and Previous Work 
Usually, a material for an intended application re-
quiring certain performance characteristics can be selected 
based on its properties. For example, properties such as 
strength, hardness, thermal conductivity, hardenability, 
fatigue life, corrosion resistance etc., can be used to 
select a metal for a p~rticular application. Extremely 
rigid ·applications require selection of candidates and then 
performance testing for final selection. 
Unfortunately, the situation is not so clear when it 
comes to cemented carbides used as cutting tool materials. 
"Despite the fact that the carbide rnanuf acturers are making 
a sincere effort to assist their customers in proper grade 
selection, it generally appears to the user that an attempt 
is being made to confuse hirn."l While it is true that 
cemented carbides have been classified by various systems, 
selection for end use is not straightforward. 
'· The American C- classification system categorizes 
cutting tools according to application, i.e., type of 
material to be cut and type of cut. The international 
system (ISO) is very similar to the C- system, but somewhat 
more explicit in that the cutting tool is classified 
according to the cutting conditions for a ~pecific type of 
work material. A third system is that offered by the 
3 
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British Hard Metals Association (BHMA). It classifies the 
tool by three tool characteristics, wear resistance, shock 
resistance and crater resistance. 
While tl1ese systems can give a user a rough idea of 
appropriate selection for ~n application, all fall short 
and generally result in trial and error selection. A major 
fallicy is that the tool supplier, not the user, is allowed 
to place his candidate material into a particular classifi-
cation slot. Thus .. , the user who assumes that any cutting 
tool selected from a specific classification will have 
equal performance to any other material in that classifica-
tion will be rudely awakened. This discrepancy has been 
demonstrated on several occasions.2,3,4 
One of the reasons why the performance of metals can 
be predicted from their properties is that there have been 
years of -experience correlating performance with properties. 
This, in fact, may be one of the underlying reasons why 
carbide performance cannot be predicted based on properties 
- simply because there have been few attempts to correlate 
, .. ,.' ....... " s .. 
the two. 
Another reason might be that the many properties of 
carbides which are measured may not be the right ones. 
Because of the hard, brittle nature of carbides, sample 
preparation is very difficult. Generally those properties 
are measured which require little effort regarding sample 
I preparation. Also, most properties are measured at ambient 
4 
temperature. Ironically, it is rather well documented that 
the cutting tool, during the cutting process, operates well 
above arnbient.5 Intuitively then, one must suspect that 
elevated-temperature properties play a role in performance. 
For example, a ·proposed failure mechanism for carbides is 
by plastic deformation, and carbides generally do not ex-
hibit much plasticity at ambient temperature.6,7,8 
The primary objectives of this study are two fold. 
, 
First, to define those properties that might be used in a 
more meaningful classification system. And, secondly, to 
establish those properties that contribute most signifi-
cantly to performance and thus could be used more quantita-
tively to design and select improved cutting tools. 
With regard to the latter, many studies have been aimed 
at determining those factors and process variables that af-
fect cer~~in basic properties of cemented carbides.9,10,11 t---
Also, many studies have been conducted which have led to 
qualitative descriptions of tool performance based on tool 
properties. 1112113 , 14 A few semi-quantitative studies have 
attempted to relate performance to properties.15,'16,l? 
• 
5 
{• 
Preparation of Experimental Alloys 
The alloys selected for this study were prepared by 
Walmet Cemented Carbides, Detroit, Michigan. All were 
steel cutting grades. Some of the powders used in the 
alloys were prepared by GTE Sylvania, Towanda, Pa. 
Table I lists the target compositions and variables 
selected to affect changes in properties. Variables chosen 
to alter properties and, hopefully, performance were: 
1) WC powder particle size, 
2) amount of Tac, and 
3) method of making Tac addition. 
Tac was added either in the form of elemental powder, 
or as a prealloyed, solid-solution powder of WTiTaC. The 
Tic was added either as a 50/50 WTiC solid solution powder 
or as the ternary solid solution. The reauired balance of ... 
WC and Co was added as elemental powders. 
Preparation of the sintered forms was by the following 
general procedures. 
1) The powders were weighed in the proper 
amounts. To the total weight was added 2 w/o paraffin wax which serves as a pressing lubricant-binder, -
2) This charge and a milling fluid was 
added to a ball mill containing WC-Co 
milling balls and milled for seventy-two hours. 
3) The milled powders were dried to remove 
the milling fluid, and mechanically granulated to convert them to a more free flowing nature. A good flowability 
6 
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TABLE I 
EXPERIMENTAL ALLOY COMPOSITIONS AND VARIABLES 
ALLOY WC TiC Tac Co 
CODE W/o W/o W/o W/o 
A 
B 
C 
D 
. 
E 
F 
G 
72.0 8. 0 (l) 11.5(2) 8.5 
72.0 -s. 0 ( l) 11.5( 2) 8.5 
72.0 8. 0 ( l) 11. 5 ( 2) 8.5 
76.0 8. 0 (l) 7. 5 c. 2) 8.5 
80.0 8. 0 (1) 3. 5 (2) 8.5 
76.0 8. 0 (3) 7. 5 (3 ) 8.5 
80. 0 8 • 0 ( 4) 3_5( 4) 8.5 
(1) Tic added as 50/50 WTiC 
(2) Tac added as Tac 
(3) Added as 50/25.81/24.19 
WTiTaC (Solid Solution) 
(4) Added as 50/34.79/15.21 
WTiTaC (Solid Solution) 
7 
QUALITATIVEJ GRAIN 
SIZE OF WC 
fine 
I 
medium 
coarse 
medium 
medium 
medium 
medium 
... ,, ............ . 
-
is essential to proper die fill 
during pressing. 
4) Next, the powders were mechanically 
pressed in dies of appropriate size 
. so as to account for the shrinkage 
that is incurred during sintering. 
5} Finally, the pressed specimens were 
dewaxed, presintered, and vacuum 
sintered by schedules predetermined 
to yield fully dense samples. 
For each composition the following were prepared. 
a) 10 - SNG-633 throw-away inserts 
b) 6 - CCPA size test bars 
c} 2 - wear test specimens 
d) 15 - fracture toughness specimens. 
Chemical analyses, Table II, of the sintered specimens 
confirmed that their composition was nearly the same as that 
desired. For information purposes total carbon, free carbon, 
oxygen, and nitrogen analyses, as shown in Table III, were 
also obtained. 
8 
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TABLE II 
CHEMICAL ANALYSES OF EXPERIMENTAL ALLOYS 
ALLOY 
CODE 
A 
B 
C 
D 
E 
F 
G 
WC 
W/o 
73.4 
73.1 
73.4 
77.0 
81.6 
75.4 
80.6 
TiC 
T.tl/ 0 
7.8 
'. 
7.9 
8.2 
7.9 
8.1 
7.9 
7.9 
9 
) 
Tac 
W/o 
10.4 
10.6 
10.9 
6.9 
3.0 
7.0 
3.0 
8.5 
8.6 
8.4 
8.7 
8.1 
8.8 
8.0 
\ 
,, 
ALLOY 
CODE 
A 
B 
C 
D 
E 
F 
G 
TABLE III 
CARBON, OXYGEN, AND NITROGEN ANALYSES 
TOTAL 
CARBON, w /,0 
6.49 
6.66 
6.62 
6.53 
6.45 
6.57 
6.52 
FREE 
CARBON, W/o 
0.01 
0~83 
0.01 
<0.01 
<0.01 
<0.01 
<0.01 
10 
OXYGEN 
ppm 
215 
295 
430 
445 
575 
360 
475 
NITROGEN 
ppm> 
1015 
845 
1080 
820 
910 
160 
150 
Design of Experiment 
Perhaps the most critical and certainly most widely 
used application of carbide for cutting is in the machining 
of steels, and, in particular, roughing cuts. This area was 
investigated with the objective of determining a correlation 
between cutting tool properties and cutting tool performance. 
While it·was not expected that this work, due to its neces-
sarily limited scope, could provide all the answers, it was 
hoped that it could provide some means of predicting perfor-
mance and that it would provide insight for additional work. 
One must first establish what properties and what per-
formance characteristics to measure. First, with regard to 
properties, it was concluded that all of the typical prop-
erties should.be measured. Also, to measure any additional 
properties that seemed important and that were feasible to 
measure, particularly those that could be measured at 
elevated temperature. 
Independent Variables 
The following were selected as independent variables. 
11 
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FACTOR LEVEL IDENTIFICATION OF LEVELS 
Tool Material 7 Alloys A,B,C,D,E,F, and G 
Tool Properties 13 See Table IV 
Work: Material 1 Hot Rolled SAE 4340-28Rc 
Speed, SFPM 
v=300, f=0.030, d=0.150,continuous Feed, in./rev. 
Depth .of Cut, • in. 3 v=200, f=0.030, d=0.150,continuous Type of Cut 
Continuous 
v=200, f=0.030, d=0.100,interrupted Interrupted 
Time, mins. 5 1,3,5,7,9 
... 
Dependent Variables 
The objective was to measure a variable that would 
' indicate tool performance or tool life. Tool life is 
typically defined as that parameter of a cutting tool that 
when exceeded the tool fails to meet the desired character-
istics (quality or performance) of the workpiece or process 
specifications. To this end one can measure such parameters 
as. 
1. Wear 
a) flank 
b) nose 
c) crater 
2. Cutting Forces 
a) cutting 
b) thrust 
3. Surface finish 
a) workpiece surface 
12 
TABLE IV -
PROPERTIES MEASURED ON EXPERIMENTAL ALLOYS 
Apparent Grain Size 
Density 
Hardness 
a) at room temperature by three methods 
b) by one method at two elevated temperatures 
Coercive Force 
Transverse Rupture Strength 
a) at room temperature 
Fracture Toughness 
a) at room temperature and at two elevated 
temperatures 
Abrasion Resistance 
13 
Because the primary concern was determining the perfor-
mance of the tool, it was decided to measure flank wear and 
nose wear. This selection was based on several reasons, 
namely; these variables: 
1) · are good indicators of tool life 
degradation 
2) are probably the most widely used 
and most accurately measured per-
formance characteristics, and 
3) would be primarily dependent on 
tool properties, given other 
factors constant. 
The dependent variables measured were: 
1) flank wear, and 
2) nose wear. 
Although those associated with this field are intimately 
familiar with these terms, perhaps it is best to specifi-
cally define them at this point. 
Flank wear is that wear which occurs on the flank of 
the tool, independent, with respect to measurement, of how 
it was caused. Many mechanisms have been proposed for 
flank wear, such as: 
1) diffusion 
2) general abrasion 
3) accelerated abrasion caused by built-up-edge 
4) adhesion 
5) chipping 
6) fatigue 
'14 
7) oxidation 
8) metal transfer (by plastic welding}. 
Nose wear is usually indiscernible from what would 
normally be considered flank wear near the nose of the tool, 
unless plastic deformation of the nose of the tool occurs. 
If this occurs the nose of the tool deforms so as to elim-
inate the clearance angle, and thus come in direct contact 
with the newly generated surface on the workpiece. Then 
wear (nose wear) occurs at a much higher rate than flank 
• wear. It occurs by some or all of the mechanisms discussed 
for flank wear, but it is definitely accelerated by plastic 
deformation. Although to an extent over simplified, three 
conditions which exemplify the wear patterns are shown pic-
torally in Figure 1. Sketch a. shows the unworn tool, b 
shows nose and flank wear for a tool that does not exhibit 
much plastic deformation, and c shows nose and flank wear 
on a tool that has undergone rather extensive nose deforma-
tion. 
Equipment and Instrumentation 
The equipment and instrumentation described herein will 
cover the two phases of the work. First, the performance 
characterization was done with e9uipment in the Manufacturing 
Processes Laboratory at Lehigh University. Second, the 
property characterization was done with equipment at GTE 
Sylvania in Towanda, Pa. 
15 
a) direction 
b) Feed direction 
c) Feed direction 
lank wear 
__ .,.,..,' 
/' 
/ 
.. - Flank wear 
Figure 1. Effect of plastic deformation on ,vear • 
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A. Performance Characterization, Phase 
1. Lathe - LeBlond 16", 20 hp "Heavy Duty" 
engine lathe connected fo a Varidyne 
frequency alternator. The alternator 
was used to maintain the desired sur-
face speed control over all ranges of 
diameter. 
2. Tachometer - A Jagabi handheld tachometer 
was used to measure the surface speed 
of the workpiece and to insure that 
speeds were always acc~rately maintained. 
The measuring range of this instrument 
was from Oto 500 surface feet per 
minute. 
3. Toolmaker's Microscope - A Bausch and 
Lomb toolmaker's microscope was used 
for flank- and nose-wear measurements. 
Previous studies indicated that the 
accuracy of the instrument vvas +0.001.18 
4. Optical Comparator - On occasion a Jones 
and Lamson optical comparator was used 
to examine the tool when anomalous wear 
or nose deformation occurred. It was 
not used per seas a measuring device. 
B. Property Characterization Phase 
1. Microscope - Leitz-Metzlar optical 
microscope capable of achieving 
satisfactory resolution on carbides up 
to 2000X. 
2. Balance - A Mettler H51 
accuracy of +0.00005 g. 
density measurements by 
techniques. 
balance with an 
Used for 
water - immersion 
3. Hardness Testers - Three different units 
. were used. A Rockwell-v'7ilson tester for 
RA measurements, a Tukon-tester equipped 
with a Bausch and Lomb optical system 
for DPH measurements, and a NAC high-
temperature tester for Vicker's measure-
ments. 
4. Koerzimeter - Used to determine coercive 
force. This unit is a standard in the 
17 
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carbide industry and is manufactured by Institut Dr. Forster in Reutlingen, Germany. 
5. Tensile Tester - An Instron Universal 
testing machine was used in conjunction 
with appropriate fixturing for fracture 
toughness and transverse rupture strength 
measurements. 
6. High-Temperature Furnace - This was 
used in . conjunction with the Inst:ron 
tester and fixturing for elevated 
temperature measurement of fracture 
toughness. Manufactured by Brew, it 
operates in vacuum with a tungsten 
mesh element capable of achieving 
temperatures of 3000°c. 
7.· Abrasion Tester - Used to determine 
abrasive wear, this unit was.built at GTE Sylvania conformant with specifi-
cations in CCPA P-11219. 
Experimental Procedure 
Experimental procedure will also be described in two 
sections relative to the two phases - performance charac-
terization and property characterization. 
'·' 
A. Experimental Procedure for Performance Characterization 
All cutting was done without the aid of 
coolant, lubricant or cutting fluid on hot-rolled 
AISI-4340 steel. Two of the cutting conditions 
involved continuous cutting; one involved inter-
rupted cutting. Where possible an attempt was 
' 
made to comply with the ISO reco~ended practice 
for tool-life testing with single-point turning 
18 
,-· ; .. 
tools.20 
The steel stock, obtained from Bethle-
hem Steel, was in the form of as-hot rolled 
6H D x 60" bars with an irregular, scale 
surface. Prior to any cutting, for the two 
cases involving continuous cutting, the 
bars were placed in the lathe, indicated, and 
a clean-up tool was used to remove all scale 
and irregularities. Typically, this necessi-
tated reducing the diameter from about 6.0 to 5.5 11 • 
For the one case involving interrupted cutting; 
the bar stock was placed in a knee and column 
end mill and a flat was milled parallel with 
the axis of the bar. This created the inter-
ruption for the interrupted cut. Figure 2 
shows the circular cross-section before and 
after milling with the appropriate dimensions. 
After milling it was conditioned for cutting 
by the same procedure as described for the 
continuous cut. 
Prior to making a cut, the tailstock 
was chamferred, 15°, to conform to the side cut-
ting edge angle of the tool. In all cases the 
insert style was SNG-633, i.e.; 3/4" square -
3/16" thick - 1/16" nose radius - ground on all 
surfaces - no hone on the edge. The ins~rt in 
19 
' 
V 
conjunction with the standard negative tool 
holder provided the following geometry: 
back rake angle 
- -so 
side rake angle 
-
-so 
end clearance, angle 
-
50 
side clearance angle 50 
end cutting edge angle - 15° 
side cutting edge angle 
- 15° 
nose radius 
- 1/16" 
For all cutting the following procedure 
was adhered to. 
1) The speed setting was adjusted 
and engaged. This was then 
checked with the tachometer to 
make sure the proper surface 
speed was being achieved. 
2) The proper depth of cut was set 
on the indicator. 
3) The feed was set and engaged. 
4) Time was measured starting when 
the tool contacted the workpiece 
until the feed was disengaged and 
the tool was backed out of the 
workpiece. 
5) For the first cut with each tool 
the cutting time was one minute .. 
After this time the tool was 
removed from the holder and 
flank and nose wear was measured 
on the toolmaker's microscope. 
6) For succeeding cuts up to a total 
of either seven or nine minutes 
measurements were made at two-
minute intervals such that flank 
and nose wear measurements were 
obtained after 1, 3, 5, 7, and 
(for one condition) 9 minutes. 
7) Each datum point was replicated, 
but the cutting sequence was 
20 
randomized. 
All data were collected for one cutting 
condition prior to proceeding with the next. 
,, 
B. Experimental Procedure For Property Characterization 
When possible, property measurements were 
done in accordance with established ASTM 
(American Society for Testing Materials), CCPA 
(Cemented Carbide Producers Association), or 
ISO (International Standards Organization) 
specifications and procedures. When ASTM, CCPA, 
or ISO procedures were used they will be referred 
to and referenced. When non-standardized inter-
nal procedures were used, -they will be briefly 
described. 
1) Apparent Grain Size - This was done by 
an internally developed procedure and, 
while semi-quantitative, provides for 
characterization of grain size. It involves taking a light micrograph of 
an etched structure at 2000X. The grain 
size number is then obtained by using 
a line-intercept technique. The techni-que and an example are shown in Appendix A. 
2) Density - For this the ASTM rec.-)mrnended practice was followed - ASTM: B311-5821. 
3) Hardness - The Rockwell A (RA) measure-
ments were made in accordance with ASTM procedure B294-6422. Room temperature DPH, and room temperature, 400°C, and 800°c Vicker's measurements were made 
by commonly accepted-procedures for the 
two techniques . 
21 
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4) Coercive Force - The proposed ISO 
procedure was followed23 . 
5) Transverse Rupture Strength - This 
was done in accordance with the ASTM 
method: B406-7Q24. 
6) Fracture Toughness - This is not a 
standardized procedure for cemented 
carbides. However, as much as possible 
the procedure conformed to the outline 
for single-edge-cracked bend speci-
mens.25 Minor deviations were made 
because of the size and preparation 
requirements imposed QY cemented 
carbides. 
7) Abrasion Resistance - The procedure 
outlined in CCPA P-112 was followeal9. 
22 
Results and Analyses 
I 
This will be subdivided into three parts; performance 
.. 
characterization, property characterization, and correla-
tion of properties and performance. 
Performance Characterization 
The performance of seven experimental steel cutting 
grades (designated A through G) was determined for three 
cutting conditions.· A summary of the three cutting condi-
tions is shown in Table v. 
The raw data, shown in Appendix B, reveal the para-
meters that were monitored and recorded during the tests. 
From this data, the replicates of nose and flank wear are 
shown in Tables VI, VII, and VIII, respectively for cutting 
. ' ' 
conditions one, two, and three. 
The means and coefficients of variation for the repli-
cates shown in Tables VI, VII, and VIII are shown in Tables 
IX, X, and XI. Note that for the most part the CVN's are 
small - 10% or less. Notable exceptions are some data 
after one minute cutting time and alloy B for cutting con-
dition three, nose wear. It is not unusual to have high 
scatter after one minute because this is still during the 
break-in period. 
Since the data dealt with fell in the linear portion 
of the wear curve an additional smoothing operation was 
23 
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TABLE V 
CUTTING CONDITIONS FOR PERFORMANCE CHARACTERIZATION 
One 
300 
0.150 
Condition Number. 
Two 
200 
0 .150 
Speed, SFPM 
Depth of Cut,in. 
Type of Cut Continuous Continuous 
CONDITIONS CONSTANT FOR EACH CUT 
Cutting Times, mins. 
Insert Style 
Operation 
-
-
1,3,5,7,9( 1 ) 
SNG-633 
Turning 
0.030 
H.R. 4340 (Rc-28) 
None 
Three 
200 
0.100 
Interrupted 
Feed, in./rev. 
Workpiece Material 
Coolant or Lubricant 
Geometry 
-5 ° ' - 5 °' 5 °' 5 °' 15 ° ' 15 ° ' 1/ 16 If 
(1) A time of 9 minutes was only used for 
condition -XWO. 
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TABLE VI 
FLANK AND NOSE WEAR REPLICATES FOR CUTTING CONDITION ONE 
TIME, 
MINS. 1 
A 
2 
2.8 2.5 
3.1 3.3 
B 
1 2 
7.6 6.4 
9.0 8.8 
1 
3 
5 3.5 3.8 10~2 10.4 
FLANK WEAR, MILS, FOR DESIGNATED ALLOY C D E F 
1 2 1 2 
3.8 4.8 6.5 6.5 
6.1 6.2 10.1 9.4 
1 2 
3.3 4.4 
6.5 7.6 
1 2 
5.2 4.6 
7.9 8.4 
9.8 9.8 11.8 11.9 11.2 10.4 11.4 11.3 
G 
1 2 
3.5 3.8 
6.1 6.3 
8.9 7.9 
7 4.3 4.4 11.3 11.6 15.4 14.5 14.6 14.7 14.8 14.5 14.3 14.8 11.4 10.2 
NOSE \i'JEAR, MILS, FOR DESIGNATED ALLOY A B C D E F G TIME, 
MINS. 1 2 1 2 1 2 1 2 1 2 1 2 1 2 -
' 
1 4.6 4.4 18.6 16.6 14.4 14.2 16.1 15.3 12.6 13.6 14.0 14.5 13.2 11.8 
3 8.7 7.6 21.7 22.3 23.1 21.0 26.5 26.1 21.3 23.1 24.2 24.9 22.2 19.4 
5 14.7 15.9 24.0 25.1 29.9 27.4 32.3 34.8 29.3 29.8 32.2 33.6 27.7 24.3 
7 18.6 20.1 27.6 29.9 35.7 31.3 39.9 41.8 37.8 38.4 41.5 42.3 34.2 33.6 
TABLE VII 
FLANK AND NOSE WEAR REPLICATES FOR CUTTING CONDITION TWO 
FLANK WEAR, MILS, FOR DESIGNATED ALLOY 
A B 
Tif.1E, 
MINS. 1 2 1 2 
1 
3 
5 
7 
9 
TIME, 
MINS. 
l 
3 
5 
7 
9 
1.7 1.9 2.2 2.1 
2.7 2.4 2.7 2.6 
3.0 2.9 2.9 2.8 
3.2 3.l 3.2 3.3 
3.4 3.5 3.5 3.7 
NOSE 
A B 
1 2 1 2 
l.7 l.9 3.8 3.4 
2.7 2.4 4.7 5.2 
3.0 3.2 5.6 5.9 
4.0 4.2 6.3 6.7 
4.3 4.6 7.4 7.6 
C D E F G 
1 2 
~2. 2 2. 3 
2.4 2.5 
·2. 7 2. 8 
3.l 3.l 
3.7 3.5 
1 2 
2.6 2.2 
3.0 2.6 
3.9 3.9 
5.7 5.l 
7.2 6.8 
1 2 
2.3 2.0 
2.9 2.8 
3.4 3.1 
3.8 3.4 
4.1 3.8 
1 2 
1.9 2.0 
2.7 2.4 
3.1 2.8 
3 •· 6 3. 2 
4.1 3.6 
.... 
1 2 
2.5 2.3 
3.2 3.5 
3.4 3.6 
4.1 4.4 
5.0 5.2 
WEAR, MILS, FOR DESIGNATED ALLOY 
C D 
1 2 1 2 
4.4 4.4 2.8 3.1 
5.8 5.7 5.8 5.3 
7.4 6.6 7.2 7.9 
8.o 1.r 9.6 8.9 / 
8.6 8.3 12.0 11.4 
E 
1 2 
3.8 3.2 
4.2 3.9 
5.0 5.1 
6.2 6.5 
F G 
1 2 1 2 
3.1 3.0 4.5 4.3 
5.2 4.6 7.6 7.5 
7.6 7.2 9.8 10.1 
8.8 9.o 12.4 12~s 
7.8 8.3 10.4 11.8 13.5 13.8 
N 
-J 
TABLE VIII 
FLANK AND NOSE WEAR REPLICATES FOR CUTTING CONDITION THREE 
A 
TIME, 
MINS. 1 2 
1 
3 
5 
7 
1.6 1.8 
2 .'b 2. 3 
2.6 2.8 
3.0 3.4 
B 
1 2 
1.7 1.9 
2.9 2.9 
3.1 3.1 
3.6 3.4 
FLANK WEAR, MILS, FOR DESIGNATED ALLOY C D E F 
1 2 
1.9 1.9 
2.7 2.5 
3.3 3.2 
3.7 3.5 
1 2 
2.1 1.9 
2.4 2.2 
3.0 2.6 
4.0 3.8 
1 2 
1.8 2.0 
2.1 2.4 
3.1 2.8 
3.4 3.6 
1 2 
2.3 2.4 
2.8 3.1 
4.1 4.0 
4.6 4.7 
NOSE WEAR, MILS, FOR DESIGNATED ALLOY 
TIME, 
MINS. 1 
A 
2 
1.6 1.8 
2.3 2.7 
B 
1 2 
4.2 4.8 
6.3 9.7 
1 
3 
5 
7 
3.0 3.3 8.8 11.6 
3.9 4.3 17.6 17.0 
\ 
C D E F 
1 2 
3.5 3.4 
5.1 5.0 
1 2 
4.3 4.3 
7.3 8.7 
6.3 6.0 10.4 12.3 
7.6 7.3 16.7 17.1 
1 2 1 2 
2.5 2.7 11.2 10.8 
4.0 3.9 13.9 13.4 
5.5 5.1 16.0 15.2 
5.9 5.8 18.0 18.4 
,t 
G 
1 2 
1.4 1.3 
2.6 2.5 
2.9 3.1 
3.2 3.5 
G 
1 2 
2.5 2.3 
4.1 4.0· 
5.1 5.1 
5.7 6.0 
r 
N 
00 
~ ____ .,.. 
TABLE IX 
FLANK AND NOSE 1-'iJEAR MEANS AND COEFFICIENTS OF VARIATION FOR CUTTif~G CONDITION ONE 
TIME, 
MINS. 
1 
3 
5 
7 
TIME, 
MINS. 
1 
3 
5 
7 
' 
FLANK WEAR MEAN AND CVN FOR DESIGNATED ALLOY A B C D E F G -----
-
-
-
-
-X CVN X CVN X CVN X CVN X CVN X CVN X CVN 
2.7 7.9 6.9 9.2 4.3 16.4 6.5 0.0 3.9 19.9 4.9 8.7 3.7 5.7·-
3 . 2 4 . 4 8 . 9 1 . 6 6 . 2 1 . 1 9 . 8 5 • 1 7 •, 1 11 . 0 8 . 2 4 . 3 6 . 2 2 . 3 
3.7 5.7 10.3 1.4 9.8 0.0 11.9 0.6 10.8 5.2 11.4 0.6 8.4 8.4 
4.4 1.6 11.5 1.8 15.0 4.2 14.7 0.5 14.7 1.4 14.6 2.4 10.8 7.9 
NOSE v?EAR MEAN AND CVN FOR DESIGNATED ALLOY A B C D E F G· 
-
-
-
-
-
-
-
X CVN X CVN X CVN X CVtJ X CVN X CVN X CVN 
4.5 3.1 17.6 8.0 14.3 1.0 15.7 3.6 13.1 5.4 14.3 2.4 12.5 7 ._9· 
8.2 9.5 22.0 1.9 22.1 6.7 26.3 1.1 22.2 5.7 24.6 2.0 20.8 9.5 
15.3· 5.6 24.6 3.2 28.7, 6.2 33.6 5.3 29.6 1.2 32.9 3.0 26.0 9.3 
19.4 5.5 28.9 5.6 33.5' 9.3 40.9 3.3 38.1 1.1 41.9 1.4 33.9 1.3 
TABLE X 
.f FLANK AND NOSE WEAR MEANS AND COEFFICIENTS OF VARIATION FOR CUTTING CONDITION TWO 
'TI~IB, 
MINS. 
1 
3 
5 
7 
9 
TIME, 
MINS. 
1 
3 
5 
7 
9 
FLANK WEAR MEAN AND CVN FOR DESIGNATED ALLOY A B C D E F G 
-
-
-
-
-
-
-
X CVN X CVN X CVN X CVN X CVN X CVN X CVN 
1.8 7.9 2.2 3.2 2.3 3.1 
2.6 8.2 2.7 2.6 2.5 2.8 
3.0 2.4 2.9 2.4 2.8 2.5 
3.2 2.2 3.3 2.1 3.1 0.0 
3.5 2.0 3.6 3.9 3.6 3.9 
2.4 11.8 2.2 
2.8 10.1 2.9 
3.9 0.0 3.3 
5.4 7.9 3.6 
9.6 
2.4 
6.4 
7.9 
5.3 
2.0 3.5 2.4 5.9 
2.6 8.2 3.4 6.2 
3.0 7.1 3.5 4.0 
3.4 8.3 4.3 4.9 
7.0 4.0 4.0 3.9 9.1 5.1 2.8 
NOSE WEAR .MEAN AND CVN FOR DESIGNATED ALLOY A B C 
-
-
-X CVN X CVN X CVN X 
1.8 7.9 3.6 7.9 4.4 0.0 3.0 
2.6 8.2 5.0 7.1 5.8 1.2 5.6 
3.1 4.6 5.8 3.7 7.0 8.1 7.6 
4.1 3.5 6.5 4.4 7.8 3.6 9.3 
4.5 4.7 7.5 1.9 8.5 2.5 11.7 
D E F G 
-
-
-CVN X CVN X CVl\J X CWJ 
7.1 3.5 12.1 3.1 2.3 4.4 3.2 
6.3 4.1 5.2 4.9 8.7 7.6 0.9 
6.5 5.1 1.4 7.4 3.8 10.0 2.1 
5.3 6.4 3.3 8.9 1.6 12.5 0.6 
3.6 8.1 4.4 11.1 8~9 13.7 1.6 
w 
0 
TABLE XI · 
FLANK AND NOSE WEAR MEANS AND COEFFICIENTS OF VARIATION FOR CUTTING CONDITION THREE 
TIME, 
MINS. 
1 
3 
5 
7 
.TIME, 
MINS. 
1 
-
X 
1.7 
2.2 
2.7 
3.2 
-X 
1.7 
A. 
CVN 
8.3 
9.6 
5.2 
8.8 
CVN 
8.3 
0 FLANK WEAR MEAN AND CVN FOR DESIGNATED ALLOY 
-X 
1.8 
2.9 
3.1 
3.5 
-X 
4.5 
B C 
-CVN X CVN 
7.9 1.9 0.0 
0.0 2.6 5.4 
0.0 3.3 2.1 
4.0 3.6 3.9 
NOSE i-.JEAR MEAN AND 
B C 
CVN X CVN 
9.4 3.5 2.0 
D E 
- -X CVN X CVN 
2.0 7.1 1.9 7.4 
2.3 6.2 2.3 9.2 
2.8 10.1 3.0 7.1 
3.9 3~6 3.5 4.0 
F G 
- -X CVN X CVN 
2.4 3.0 1.4 5.1 
3.0 7.1 2.6 2.7 
4.1 1.7 3.0 4.7 
• 
4.7 1.5 3.4 6.2 
CVN FOR DESIGNATED ALLOY 
D E F G 
-· 
-X CVN X CVN X C\TN X CVN 
--
) 
4.3 0.0 2.6 5.4 11.0 2.6 2. if 5.9 
3 2.5 11.3 8.0 30.1 5.1 1.4 8.0 12.4 4.0 1.8 13.7 2.6 4.1 1.7 
5 3.2 6.6 10.2 19.4 6.2 3.4 11.4 11.8 5.3 5.3 15.6 3.6 5.1 0.0 
7 4.1 6.9 17.3 2.5 7.5 2.8 16.9 1.7 5.9 1.2 18.2 1.6 5.9 3.6 
\ 
I 
Performed by running a least squares regression on the 
means. The arithmatic means (X} and the least square 
means (LS} are shown in Tables XII, XIII, and XIV. Fro~ 
the excellent fits that were obtained it is obvious that 
the data fell in nearly a straight line to begin with. 
J 
The le·ast squares mean data for the seven minutes 
cutting was the data selected to correlate with properties. 
It will be discussed in an upcoming section. 
Property Characterization 
The values that were obtained for grain size, density, 
coercive force and room temperature hardness measured by 
Diamond Pyramid Hardness (DPH) and by Rockwell A (Ra} are 
shown in Table XV. Vicker's hardness measurements made at 
room temperature, 400 and 800°c are shown in Table XVI. 
Values for transverse rupture strength (TRS) and the 
abrasion factor are shown in Table XVII. Table XVIII lists 
the fracture toughness at RT, 400 and 800°C. 
Correlation of Properties and Performance 
The dependent variables (Yi} used in this correlation 
were the least squares nose or flank wear after seven min-
utes cutting time. These are presented and identified in 
Table XIX. The independent variables (Xi) that were pre-
viously shown in Tables XV, XVI, XVII, and XVIII are 
sununarized and identified in Table XX. 
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TABLE XII 
FLANK AND NOSE WEAR ARITHi1ATIC AND LEAST SQUARES !~EANS FOR CUTTING CONDITION ONE 
FLANK WEAR X AND LS FOR DESIGNATED ALLOY 
TIME I 
I'1INS. 
1 
3 
5 
A B C D E F. · 
-X LS 
2.7 2.7 
3.2 3.2 
-X LS 
6.9 7.1 
8.9 8.6 
3.7 3.$ 10.3 10.2 
X LS 
4.3 3.5 
6.2 7.0 
X LS 
6.5 6.7 
9.8 9.4 
X LS 
3.9 3.7 
7.1 7.3 
X LS 
4.9 4.9 
8.2 8.2 
9.8 10.6 11.9 12.1 10.8 10.9 11.4 11.4 
G 
X LS 
3.7, 3.8 
6.2 6.1 
8.4 8.5 
7 4.4 4.3 11.5 11.7 15.0 14.2 14.7 14.7 14.7 14.5 14.6 14.6 10.8 10.8 
TIME, 
MINS. X 
A. 
-LS X 
' NOSE WEAR X AND LS FOR DESIGNATED ALLOY B C D E 
-
-
-LS X X LS X LS 
F G 
-
-X LS X LS 
1 4.5 4.1 17.6 17.8 14.3 15.0 15.7 16.7 13.1 13.4 14.3 14.8 12.5 12.9 
3 s.2 9.3 22.0 2·1.s 22.1 21.4 26.3 2s.o 22.2 21.6 24.6 23.9 20.s 19.8 
5 15.3 14.4 24.6 25.1 28.7 27.9 33.6 33.3 29.6 29.9 32.9 33.0 26.0 26.8 
7 19.4 19.6 28.9 '') 8 0 Lo • u 33.5 34.3 40.9 41.6 38.1 38.1 41.9 42.1 33.9 33.7 
0 
w 
w 
TABLE XIII 
FLANK AND NOSE WEAR AR.ITHMA_TIC AND LEAST SQUARES ~ANS FOR CUTTING CONDITI01'1 TWO 
FLANK WEAR X AND LS FOR DESIGNATED ALLOY 
T·IM'.E I 
MINS. 
1 
3 
5 
7 
9 
TIME, 
MINS. 
1 
3 
5 
7 
9 
F3 C D E F 
-
-
-X LS X LS X LS 
1.8 2.0 2.2 2.3 2.3 2.2 
2.6 2.4 2.7 2.6 2.5 2.5 
3.0 2.8 2.9 2.9 2.8 2.9 
3.2 3.2 3.3 3.3 3.1 3.2 
3.5 3.6 3.6 3.6 3.6 3.5 
NOSE \"7EAR X AND 
A B C 
-
-
-X LS X LS X LS 
1.8 1.8 3.6 3.8 4.4 4.7 
2.6 2.5 5.0 4.8 5.8 5.7 
3.1 3.2 5.8 5.7 7.0 6.7 
4.1 3.9 6.5 6.6 7.8 7.7 
-
X 
2.4 
2.8 
3.9 
5.4 
7.0 
LS 
-X 
3.0 
5.6 
7.6 
9.3 
FOR 
D 
-LS X LS 
1.9 2.2 2.3 
3.1 2.9 2.8 
4.3 3.3 3.2 
5.5 3.6 3.6 
6.7 4.0 4.1 
J 
-
X 
2.0 
2.6 
3.0 
3.4 
3.9 
DESIGNl\TED ALLOY 
E 
LS X5 LS 
3.2 3.5 3.1 
5.3 4.1 4.3 
7.4 5.1 5.4 
9.6 6.'4 6.7 
-X 
3.1 
4.9 
7.4 
8.9 
F 
LS 
2.1 
2.5 
3.0 
3.4 
3.9 
LS 
3.1 
G 
-X LS 
2.4 2.5 
3.4 3.1 
3.5 3.7 
4.3 4.4 
5.1 5.0 
G 
., 
X LS 
4.4 4.9 
5.1 7.6 7.3 
7.1 10.0 9.6 
9.1 12.5 12.0 
4.5 4.6 7.5 7.5 8.5 8.7 11.7 · 11.7 8.1 7.7 11.1 11.1 13.7 14.3 
. .P 
• 
,,.. 
' ' 
TABLE XIV 
FLANK AND NOSE WEAR ARITHMATIC AND LEAST SQUARES MEANS FOR CUTTING CONDITION THREE 
Tir~, 
MINS. 
1 
3 
5 
7 
TI.ME, 
MINS. 
1 
3 
5 
7 
A 
-X LS 
1.7 1.7 
2.2 2.2 
2.7 2.7 
3.2 3.2 
A 
-X LS 
1.7 1.7 
2.5 2.5 
-X 
1.8 
2.9 
3.1 
3.5 
-
X 
4.5 
8.0 
B 
B 
FLANK tvEAR X AND 
C 
-LS X LS 
2.0 1.9 2.0 
2.6 2.6 2.6 
3.1 3.3 3.1 
3.6 3.6 3.7 
1'J0SE WEAR X AND 
C 
-LS X LS 
3.9 3.5 3.6 
8.0 5.1 4.9 
LS 
-X 
2.0 
2.3 
2.8 
3.9 
LS 
-X 
4.3 
8.0 
FOR 
D 
FOR 
D 
DESIGNATED ALLOY 
E 
-LS X LS 
1.8 1.9 1.9 
2.4 2.3 2.4 
3.1 3.0 3.0 
·' 
3.7 3.5 3.5 
-
X 
2.4 
3.0 
4.1 
4.7 
DESIGNATED ALLOY 
E 
-
-LS X LS X 
4.0 2.6 2.8 ll.O 
8.1 4.0 3.9 13.7 
F 
F 
-LS X 
2.4 1.4 
3.2 2.6 
4.0 3.0 
4.8 3.4 
-LS X 
11.l 2.4 
13.5 4.1 
3.2 3.3 10.2 12.0 6.2 6.2 11.4 12.2 5.3 5.0 15.6 15.8· 5.1 
4.1 4.1 17.3 16.1 7.5 7.5 16.9 16.3 5.9 6.1 18.2 18.2 5.9 
G 
f 
G 
LS 
1.6 
2.3 
2.9 
3.6 
LS 
2 .. 7 
3.8 
5.0 
6.1 
"' 
~~-; 
ALLOY 
CODE 
A 
B 
C 
D 
E 
F 
G 
TABLE XV 
GRAIN SIZE, DENSITY, COERCIVE FORCE AND HARDNESS 
OF EXPERIMENTAL ALLOYS 
GRAIN 
SIZE,µm 
1.43 
1.74 
1.60 
1.98 
1.70 
1.63 
1,82 
DENSITY, 
g/cc 
12.55 
12.49. 
12.47 
12.50 
12.61 
12.56 
12.59 
COERCIVE 
FORCE,Oe 
154 
121 
119 
115 
118 
119 
113 
HARDNEssCl) 
DPH 
1520 92.0 
1503 91.3 
1442 91.2 
1464 91.2 
1443 91.4 
1439 91.5 
1410 91.3 
(1) Measured at room temperature~ 25°c 
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ALLOY 
CODE 
A 
B 
C 
D 
E 
F 
G 
TABLE XVI 
VICKER'S HARDNESS MEASUREMENTS 
TEMPERATURE, 0 c 
25 400 800 
1560 1017 790 
1500 967 775 
1469 908 760 
1439 997 766 
1463 975 763 
1494 917 733 
1494 1003 734 
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TABLE XVII 
TRANSVERSE RUPTURE STRENGTH AND ABRASION FACTOR 
ALLOY 
CODE 
A 
B 
C 
D 
E 
F 
G 
TRS, 
ksi 
- 213 • 4 
201. 7 
268. 0 
209. 9 
180 .1 
199. 7 
228. 5 
.AJ3PASI0N (l) 
FACTOR 
21.5 
22.5 
26.2 
24.5 
26.5 
22.1 
25.0 
(1) The smaller the factor the better the 
abrasion resistance. 
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ALLOY 
CODE 
A 
B 
C 
D 
E 
F 
G 
Average CVN ( 1) 
.,_ . 
. 
TABLE XVIII 
FRACTURE TOUGHNESS 
FRACTURE TOUGHNESS (Krc), KSI-in-~ 
25°C 400°c 800°c 
40. 96 
39.50 
39.75 
35.28 
35.21 
29.72 
30.91 
6.92 
15.85 
14.12 
16.95 
14.11 
14.33 
13.80· 
14.39 
7.34 
(1) Coefficient of variation 
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12 .13 
11. 21 
11.75 
11.65 
11.56 
10. 01 
4.71 
TABLE XIX 
DEPENDENT VARIABLES 
ALLOY CODE DEPENDENT VARIABLES - LEAST SQUARES NOSE OR FLANK WEAR{l) 
A 
B 
C 
D 
E 
F 
G 
Yl Y2 Y3 
4.3 19.6 3.2 
11.7 28.8 3.3 
14.2 34.3 3.2 
14.7 41.6 5.50 
14.5 38.1 3.6 
14.6 42.1 3.4 
10.8 33.7 4.4 
Yl - Flank Wear Condition One 
Y2 - Nose Wear Condition One 
y3 - Flank Wear Condition Two 
Y4 - Nose Wear Condition Two 
YS - Flank Wear Condition Three 
Y6 - Nose Wear Condition Three 
Y4 
3.9 
6.6 
7.7 
9.6 
6.7 
9.1 
12.0 
(1) Flank and nose wear in mils taken from Tables XII, 
XIII and XIV for seven minutes cutting time. 
YS 
3.2 
3.6 
3.7 
3.7 
3.5 
4.8 
3.6 
Y6 
4.1 
16.1 
7.5 
16.3 
6.1 
18.2 
6.1 
' 1 
I 
.1 
ALLOY 
CODE x1 
TABLE XX 
INDEPENDENT VARIABLES 
VARIABLE IDENTIFICATION 
x13 
A 1.43 12.55 154 1520 92.0 1560 1017 790 213.4 21.5 40.96 15.85 12.13 
B 1.74 12.49 131 1503 91.3 1500 967 775 201.7 22.5 39.50 14.12 11.21 
C 1.60 12.47 119 1442 91.2 1469 908 760 268.0 26.2 39.75 16.95 11.75 
D 1.98 12.50 115 1464 91.2 1439 997 766 209.9 24.5 35.28 14.11 11.65 
E 1.70 12.61 118 1443 91.4 1463 975 763 180.1 26.5 35.21 14.33 10.92: 
F 1.63 12.56 119 1439 91.5 1494 917 733 199.7 22.l 29.72 13.80 11.56 
G 1.82 12.59 113 1410 91.3 1494 1003 734 228.5 25.0 30.91 14.39 10.01 
x1 = grain size, x 2 = density, x3 = coercive fore~~ x 4 = DPH at 25°c, 
X5 - Ra at 25°C, X6 = Vickers hardness at 25°C, x7 = Vickers hardness at 400°C, 
x] = Vickers hardness at 800°C, xg = TRS at 25°c, x10 = abrasion factor, 
x11 - fracture toughness at 25°C, x12 = fracture toughness at 400°C, 
x13 - fracture toughness at 800°C. 
' < 
' 
The data from.Tables XIX and XX were analyzed using 
the LEAPS statistical package26 and the IBM statistical. 
pack~ge27. In all cases the regression equations were re-
stricted to first order terms exemplified by the £·allowing . 
.. 
Y = bo + b1x1 + b2x2 + .... + bnxn 
Many computer passes were made in an effort to opti-
mize the solution for each independent variable. They or 
dependent variable was always wear, and the x or independent 
variables were the tool properties. 
The significant output from the final computer passes 
on these data are shown in Tables XXI through XXVI. The 
Tables show the regression equation, the bi coefficients 
and their standard error, the actual wear and that pre-
dicted by the regression, the variable identification and 
the variance explained by the variable, the F - statistic 
of the regression and the F - critical. 
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TABLE XXI 
FLANK WEAR - CONDITION ONE 
COEFFICIENT 
167.3 
-0.07023 
-0.04024 
-0.7909 
STANDARD ERROR,% 
-
5. 9 8 
9. 3 9 
17. 09 
ALLOY FLANK WEAR, MILS 
A 
B 
C 
D 
E 
F 
G 
VARIABLE 
ACTUAL PREDICTED 
4.3 
11.7 
14.2 
14.7 
14.5 
14.6 
10.8 
VARIABLE IDENTIFICATION 
Vickers Hardness at 25°C 
Vickers Hardness at 400°C 
Fracture Toughness at 400°C 
4.3 
11.9 
14.2 
15.0 
14. 0 
14.6 
10.7 
VARIANCE 
EXPLAINED,% 
82. 01 
12. 56 
4.99 
F - Statistic of regression - 227.62 
F - Critical 
"', ,, 
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9.28 
a= 0.05 
u 
b 
- TABLE XXII 
' ' 
NOSE WEAR - CONDITION ONE 
COEFFICIENT 
270.6 
-0.1391 
-1.0960 
2.7460 
STANDARD ERROR,% 
-
9.55 
12.07 
31.43 
ALLOY NOSE WEAR 
VARIABLE 
A 
B 
C 
D 
E 
F 
G 
ACTUAL PREDICTED 
19.6 
28.8 
34.3 
41.6 
38.1 
42.1 
33.7 
VARIABLE IDENTIFICATION 
Vickers Hardness at 25°C 
Fracture Toughness at 400°C 
Fracture Toughness at 800°C 
20.4 
27.8 
33.9 
43.1 
37.2 
41.1 
34.6 
VARIANCE 
EXPLAINED,% 
71.40 
21.10 
5.76 
F - Statistic of regression - 56.56 
F Critical 
- 9.28 
V2 = 3 a= 0.05 
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bo 
b1 
b3 
b4 
b13 
ALLOY 
VARIABLE 
A 
B 
C 
D 
E 
F 
G 
TABLE XXIII 
FLANK WEAR - CONDITION TWO 
COEFFICIENT STANDARD ERROR,% 
0.7846 
-
0.7773 8.38 
0.0685 1.65 
-0.0154 2.04 
0.3362 3.81 
FLANK WEAR 
ACTUAL PREDICTED 
3.2 3.2 
3.3 3.3 
3.2 3.2 
5.5 5.5 
3.6 l.6 
3.4 3.4 
4.4 4.4 
VARIABLE IDENTIFICATION 
VARIANCE 
EXPLAINED,% 
Grain ·Size 
Coercive Force 
DPH at 25°C 
Fracture Toughness at 800°C 
75.16 
11.21 
9.76 
3.86 
F - Statistic of regression - 4466.6 
F - Critical 19.25 
vi = 4 v2 = 2 a= 0.05 
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- TABLE XXIV 
NOSE WEAR - CONDITION TWO 
b COEFFICIENT STAN'DARD ERROR,% 
bo 50.24 
-
~~ 
ba -0.0943 5.20 
bl 6.8940 7.90 
b9 0.0242 13 .14 
b7 0.0129 18.78 
ALLOY NOSE WEAR 
ACTUAL PREDICTED 
A 3.9 3.9 
B 6.6 6.5 
C 7.7 7.8 
D 9.6 9.6 
E 6.6 6.9 
F 9.1 9.0 G 12.0 12.0 
VARIABLE VARIABLE IDENTIFICATION 
xs Vickers Hardness at 800°c 
x1 Grain Size 
x9 Transverse Rupture Strength at 25°c 
X7 Vickers Hardness at 400°c 
F - Statistic of Regression - 243.38 
F - Critical 
VI= 4 
19.25 
v2 = 2 a= 0.05 
f ' 
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VARIANCE 
EXPLAINED,% 
71.28 
21. 47 
4.14 
2.90 
b 
bo 
bs 
b13 
b12 
b7 
. ALLOY 
VARIABLE 
xa 
x13 
A 
B 
C 
D 
E 
F 
G 
TABLE XXV 
FLANK WEAR - CONDITION THREE 
COEFFICIENT STANDARD ERROR,% 
19. 63 
-0.0189 20.66 
0.4574 22.40 
-0.2012 23. 33 
-0.0039 40. 82 
FLANK vvEAR 
ACTUAL PREDICTED 
3.2 
3.6 
3.7 
3.7 
3.5 
4.8 
3.6 
VARIABLE IDENTIFICATION 
Vickers Hardness at 800°C 
Fracture Toughness at 800°C 
Fracture Toughness at 400°C 
Vickers Hardness at 400°C 
3.1 
3.5 
3.7 
3.8 
3.6 
4.8 
3.6 
VARIANCE 
EXPLAINED,% 
50 .18 
32.11 
11.13 
4.93 
F - Statistic of regression - 29.89 
F - Critical 
- 19.25 
a= 0.05 
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TABLE XXVI 
NOSE WEAR - CONDITION THREE 
b COEFFICIENT STANDARD ERROR,% 
bo 876.5 
b12 -5.1510 12.71 
b2 -61.2200 25.53 
b7 -0.0471 35.71 
b13 2.0860 56.81 
ALLOY NOSE v,,7EAR 
A 
B 
C 
D 
E 
F 
G 
VARIABLE 
ACTUAL PREDICTED 
4.1 
16.1 
7.5 
16.3 
6.1 
18.2 
6.1 
VARIABLE IDENTIFICATION 
Fracture Toughness at 400°C 
Density 
Vickers Hardness at 400°c 
Fracture Toughness at 800°c 
3.9 
16.9 
7.5 
15.9 
7.5 
17.4 
5.2 
VARIANCE 
EXPLAINED,% 
35.89 
48.00 
9.74 
3.90 
F - Statistic of regression - 19.76 
F - Critical 
- 19.25 
vi= 4 v2 = 2 a= 0.05 
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• • D1.scuss1.on 
Before proceeding with the discussion, certain areas 
of precaution with regard to the use of regression equations 
should be pointed out. 
1. Regression equations can be very misleading to 
use as predictors outside of the range of the independent variables used to generate the 
equation . 
2. It is semi-dangerous to use them at all to pre-dict unless some physical significance can be 
attached. 
3. The regression equation describes the particular 
set of data, and is not necessarily a law which describes the source from which the data was drawn. 
In addition, one should have twice, preferably three to 
four times, as many observations as independent variables. 
In this study it was impossible to do so because of the 
time involved in obtaining all of the data for one complete 
observation. 
Most of the discussion will center around the-sum-
marized computer output that was presented in Tables XXI 
through XXVI. These tables show the form of the equation 
and the.particular independent variables that entered into 
the regression. For example, dependent variable Y1 (flank 
wear for condition one) had the following equation, taken 
from Table XXI • 
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The identification of x6 , x7 , and x12 is given toward 
the bottom of the table. 
Beneath the general form of the equation is listed 
the b values and their standard errors in the cases where 
the b's. are coefficients. The b 0 's are constants. The 
following, again abstracted from Table XXI, illustrate 
this part of the table. 
b Coefficient Standard Error, % 
bo 167.3 -
b6 -0.07023 5.98 
b7 -0.04024 9.39 
bl2 -0.7909 17.09 
The sign (+ or -1 of the coefficient is important 
later in determining how the~particular independent 
variable (property) effects performance, i.e., as the 
property value increases does performance increase or 
decrease. 
. ' 
Next the table shows the actual wear, that which was· 
measured, vs the predicted wear, that which was generated 
by the particular regression equation. For all cases, a 
good agreement between the actual and preducted value was 
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·obtained. An example, again from Table XXI, is shown 
below. 
Alloy 
A 
B 
C 
D 
E 
F 
G 
Flank Wear, Mils. 
Actual Predicted 
4.3 
11.7 
14.2 
14.7 
14.5 
10.8 
4.3 
11.9 
14.2 
15.0 
14.0 
14.6 
10. 7 
The table then shows the variable identification 
and the variance that it explains in the overall regres-
sion. An example fr9m Table XXI follows. 
Variable Variable Identification 
Vickers Hardness at 25°C 
Vickers Hardness at 400°C 
Fracture Toughness at 400°C 
Variance 
Explained, % 
82. 01 
12.56 
4.99 
In this example, the Vicker's hardness at 25°C plays 
the primary role in the regression and explains 82% of the 
variance--all but 1·a% of the deviation from linearity. 
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The Vicker's hardness at 400°C plqys a secondary role and 
explains 12.56% of the variance. Fracture toughness plays 
only a minor role explaining only 5% of the variance. 
. -" ' ' ' ... 
The significance of the regression equation can be 
assessed by evaluating the F-statistic. The final part 
of the table lists this. Again, from Table XXI the fol-
lowing example is presented. 
F - Statistic of Regression - 227.62 
F - Critical 
V = 3 1 
9.28 
X = 0.05 
The interpretation of this is that for the degrees of 
freedom shown, v1 = 3 and v 2 = 3, and at the 95% confidence 
level, a= 0.05, the equation is significant if the F-sta-
tistic of the regression is greater than the F-critical for 
the conditions defined. In this case the calculated value, 
227.62, is much greater than the critical value, 9.28. All 
six regression equations were significant at the 95% confi-
dence level. Except for Y5 and Y6 all were significant at 
the 99% confidence level. 
A general discussion of the effect of properties on 
performance can be made with the aid of Table XXVII. This 
table shows the effect qf property value increasing on wear. 
As the property value, listed on the right, increases, the 
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TABLE XXVII 
EFFECT OF PROPERTY VALUE INCREASING ON WEAR 
Condition One Condition Two Condition Three 
Property Flank Nose Flank Nose Flank 
Vicker's Hardness at 25°C + (1) + (1} NE NE Vicker's Hardness at 400°C + ( 2) NE NE t ( 4) Vicker's Hardness at 800°C NE NE NE + ( 1) DPH at 25°C NE NE + (3) NE RA Hardness .. at 25°C NE NE NE NE Fracture Toughness at 25°c NE NE NE NE Fracture Toughness at 400°c + (3} + (2) NE NE Fracture Toughness at 800°C NE t (3) t ( 4) NE Transverse Rupture Strength at 25°c NE NE .tJE t ( 3) Grain Size NE NE t ( 1) t (2') Coercive Force NE NE t (2) NE Density NE NE NE NE Abrasion Factor NE NE NE NE 
Type of Role - (l) Primar-y, (2) Secondary, (3) Tertiary, (4) Quaternary, NE - Never Entered. 
NE 
+ ( 4) 
+ (1) 
NE 
NE 
NE 
+(3) 
t ( 2) 
NE 
NE 
NE 
NE 
NE 
Nose 
NE 
+(3) 
NE 
NE 
NE 
NE 
+ ( 2) 
t ( 4) 
NE 
NE 
NE 
+ ( 1) 
NE 
arrow indicates whether wear decreases (~} or increases (t}. 
The number in parentheses (n) next to the arrow indicates 
the role that the property plays in the regression. ·A (1) 
indicates a primary role, a (2) indicates a secondary role, 
and the (3) and (4) indicate tertiary or quaternary roles. 
The (3) and (4) are referred to as minor roles. The NE 
indicates that the property never entered the regression. 
The Vickers hardness at 25°C played a primary role·-~ in 
' . 
equations Y1 and Y2 . It had no effect in the others. In 
both cases as the hardness increased, wear decreased. 
The Vickers hardness at 400°C entered equations Y 1 , 
Y4 , Y5 , and Y6 , but played only a minor role in all but 
Y1 . With one exception, as the Vickers hardness at 400°C 
increased wear decreased. The one exception is in equation 
Y4 , but since it plays only a very minor role the reversed 
trend can probably be dismissed. 
The Vickers hardness at 800°C entered into regressions 
Y4 and Y5 , and in both cases played a primary role. The 
effect here was consistent for both cases. As hardness 
increased, wear decreased. 
The Diamond Pyramid Hardness (DPH} at 25°C entered in 
only one regression, Y3 , and played only a minor role. How-
ever, again as hardness increased, wear decreased. 
The~ hardness at 25°C, the fracture toughness at 
25°C, and the abrasion factor never entered any of the 
I. 
regressions. 
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The fracture toughness at 400°C entered into four 
of the regressions. In two, Y2 and Y6, it played a 
secondary role, in another two, Y1 and Y 5 , it played a 
major role. In all cases, as it increased wear decreased. 
'· The fracture toughness at 800°C played a secondary 
role in regression Y5 and a minor role in regressions Y2 , 
Y3 and Y 6 • The effect was again consistent but reversed 
from the role of fracture toughness at 400°C. As the 
fracture toughness at 800°C increased wear increased. 
This might indicate that if one attempts to maximize the 
very high temperature properties the properties at the 
more intermediate or operating temperatures might be 
degraded. 
The transverse rupture strength at 25°C entered one. 
regression, Y4 , but played only a minor role. As it 
increased wear increased. 
Grain size played a primary role in regression Y 3 
and a secondary role in regression Y4 . In both cases 
as grain size increased wear increased. 
Coercive force played a secondary role in regression 
Y3 and as it increased wear increased. 
Density entered into one regression, Y6 , and played 
-a primary role. As it increased- wear decreased. Its 
effect is probably really an effect of composition. 
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A general sununary of the roles of the various proper-
ties and the effect of their value increasing on wear is 
shown below. 
Property and Type of Role 
A. Primary 
1. 
2 . 
3. 
4. 
Vicker's Hardness at 25°C 
Grain Size 
Vicker's Hardness at 800°C 
Density • 
B. Secondary 
1. 
2. 
3. 
4. 
Vicker's Hardness at 400°C 
Fracture Toughness at 400°C 
Fracture Toughness at 800°C 
Coercive Force 
C. Minor Role or Never Entered 
DPH at 25°C 
RA Hardness at 25°C 
Effect on Wear 
as Property 
Value Increases 
Decrease 
Increase 
Decrease 
Decrease 
Decrease 
Decrease 
Increase 
Increase 
1. 
2. 
3. 
4. 
s. 
Fracture Toughness at 25°C 
Transverse Rupture Strength at 25°C 
Abrasion Factor 
Nil 
Nil 
Nil 
Nil 
Nil 
An encouraging part of this study was that the prop-
erties, independent variables, always, with one minor 
55 
' 1 
exception, had a consistent effect on wear whenever they 
entered a regression. Also, they behaved in a manner that 
has been qualitatively observed or that might be intuitively 
expected. This provides some of the justification for at-
taching physical significance to their use in regression 
equations. Recall that this was one of the precautions 
pointed out regarding the use of regression equations. 
At the beginning of this work it was decided to alter 
the properties of the alloys by making minor changes to 
grain size, Tac content, and method.of Tac addition. The 
effect of grain size was quantitatively analyzed previously 
as it was one of the properties measured. A qualitative 
assessment of the effects of Tac content and method of Tac 
addition can be made by observing some of the data from 
Table XIV. 
Alloys B, D, and E represent respectively Tac contents 
of 11.5, 7.5, and 3.5 w/o, all for approximately the same 
grain size. The table below shows the alloy, Tac content 
and an average of the six wear values from Table XIX. 
Alloy 
B 
D 
E 
Tac, w/o 
11.5 
7.5 
3.5 
Average Wear, Mils, All Six Conditions 
11.7 
15.2 
12.1 
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Obviously, the effect is not linear and difficult to 
assess even qualitatively. While the 7.5 w/o Tac alloy appears 
poorest, it is not clear that 11.5 w/o Tac is superior to the 
3.5 w/o Tac alloy. If it is a parabolic relationship, per-
haps an addition less than 3.·s w/o Tac would appear as good 
as 11. 5 w/o. 
In a similar manner, the effect of the method of Tac 
addition can be checked. 
Alloy 
D 
F 
E 
G 
TaC,w/o 
7.5 
7.5 
3.5 
3.5 
Method of Addition 
Tac 
WTiTaC 
Tac 
WTiTaC 
Average Wear, Mils 
All Six Conditions 
15.2 
15.4 
., 12 . 1 
11.8 
From this, it appears that the method of addition is 
insignificant, but again it appears that 3.5 w/o Tac is 
better than 7.5 w/o Tac. 
In trying to assess the individual effects of Tac 
content and method of addition, one assumes the other 
variables are constant. This may obviously be an invalid 
assumption. The evaluation of these secondary effects was 
only a minor part of this study. 
Within the scope of this study, only a small pqrt of 
a rather large matrix was examined. One must really examine 
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the total environment that affects tool life. This includes 
three major areas of independent variables. 
1) Tool Properties 
2) Work-Piece Properties -
3) Machining Conditions 
In this study, certain tool properties were exa~ined. 
However, it is recognized that there are many other properties 
than can be measured, and that might play important roles 
in performance. Presumably workpiece properties and 
machining conditions could be measured and used as inde-
pendent variables, thus generating more general types of 
equations. 
This was primarily a feasibility study aimed at 
determining if tool properties could be used to predict 
performance. It was necessary to limit its scope. 
I 
' 
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Conclusions 
~ 1. A good correlation between tool performance and tool properties was demonstrated. 
2. Many of the properties typically measured on 
carbides never entered the regression equations, 
or only played minor roles. 
3. Of the properties that played primary or secondary roles in the regressions, 50% were elevated temperature properties. 
4. Most of the properties behaved as expected based on qualitative observations, thus providing 
support for attaching physical significance to their use in regression equations. 
5. Different properties played different roles depending on the cutting condition and type of 
wear - nose or flank. This was not surprising 
since different meGhanisms are operative under different conditions. 
6. The effect of Tac content could not be clearly 
assessed; however, this was not a primary ob-jective. It definitely appeared that wear was 
not a linear function of Tac content. 
7. There was no apparent affect.of the method of Tac addition on performance. 
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Recommendations For Future Work 
1. A first step would be to verify the validity and flexibility of the regression equations by eval-
uating another similar series of alloys. The properties should be measured, the performance predicted, and then the performance measured and 
compared with the predicted. 
2. Interaction effects between properties should be 
evaluated. 
3. Additional tool properties, particularly elevated temperature ones, should be measured and evaluated for their effects on performance and their ability to predict performance. 
4. The effects of both tool properties and workpiece properties on performance should be assessed. This might allow for the development of a more general and broadly applicable equation. 
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Apparent Grain Size Measurement 
The apparent grain size measurements were made by taking a 
·standard 3-1/2 x 4-1/2" Polar .. oid micrograph, at 2000X mag-
nification, and reproducing it through a Model 660 Xerox 
copier. It was serendipitous that the resolution obtained 
from pink copy paper was much better than on white. The 
grain size was then measured from the copy by the following 
procedure. 
Two diagonal, one vertical, and one horizontal lines, all 
t~tersecting at the center of the field, are drawn on the 
reproduction. At a magni£ication of 2000, this yields a 
total line length of 247-µm. Next the number of apparent 
grain boundaries intersecting these lines are counted. The 
total number of intersections are then divided into the 
total line length, 247-µm, to give an average apparent 
• • • grain size in µm. 
It is realized that this may not be the best method for 
obtaining a quantitative measurement of grai.n size. • It is 
semi-quantitative and appears much better than the current 
industry practice of obtaining a qualitative rating by 
comparison of microstructures. 
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TABLE I-B 
RAW DATA FROM PERFORMANCE CHARACTERIZATION 
Cutting Condition One: Continµous Cut; V=300, d=0.150 
TOOL 
ALLOY 
A 
A 
A 
A 
A 
A 
A 
A 
B 
B 
B 
B 
B 
B 
B 
B 
C 
C 
C 
C 
C 
C 
C 
C 
D 
D 
D 
D 
D 
D 
D 
D 
I1\JSERT 
NO. 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
2 
2 
2 
2 
1 
1 
1 
1 
3 
3 
3 
3 
1 
1 
1 
1 
3 
.3 
3 
3 
CORNER LOG. 
NO. NO. 
1 E 
1 E 
1 E 
1 E 
2 E 
2 E 
2 E 
2 E 
3 C 
3 ·c 
3 C 
3 C 
1 F 
1 F 
1 F 
1 F 
1 E 
1 E 
1 E 
• 1 E 
1 F 
1 F 
1 F 
1 F 
1 A 
1 A 
1 A 
1 P. .. 
1 B 
1 B 
1 B 
1 B 
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WORK 
DIA., IN. 
5.800 
5.800 
5.800 
5.800 
5.800 
5.500 
5.500 
5.500 
3.400 
3.100 
3.100 
2.800 
4.200 
3.900 
3.900 
3.900 
5.300 
5.300 
5.300 
5.300 
4.500 
4.500 
4.200 
4.200 
3.800 
3.800 
3.500 
3.500 
4.400 
4.400 
4.400 
4.100 
TI~IB, 
Mli'1S. 
1 
3 
5 
7 
1 
3 
5 
7 
1 
3 
5 
7 
1 
3 
5 
7 
1 
3 
5 
7 
1 
3 
5 
7 
1 
3 -· 
5 
·7 
1 
3 
5 
7 
FW 
MILS 
2.8 
3.1 
3.5 
4.3 
2.5 
3.3 
3.8 
4.4 
7.3 
9.0 
10.2 
11.3 
6.4 
8.8 
10.4 
11.6 
3.8 
6.1 
9.8 
15.4 
4.8 
6.2 
9.8 
14.5 
6.5 
10.1 
11. 8 
14. 6 
6.5 
9.4 
11.9 
14. 7 
NW 
b1ILS 
4.6 
8.7 
14.7 
18.6 
4.4 
7.6 
15.9 
20.1 
18.6 
21.7 
24.0 
21.6 
16. 6 
22. 3 
25.1 
29.9 
14.4 
23.1 
29.9 
35.7 
14.2 
21.0 
27.4 
31.3 
16.1 
26.5 
32.3 
39.9 
15.3 
26.1 
34.8 
41.8 
TABLE I-B (continued) 
RAW DATA FROM PERFOR}-1..ANCE CHARACTERIZATION 
Cutting Condition One: Continuous Cuti V=300, d=Q.150 
TOOL INSERT 
ALLOY NO. 
E 
_t; 
E 
E 
E 
E 
E 
E 
F 
F 
F 
F 
F 
F 
·# 
F ,_, 
F 
G 
G 
G 
G 
G 
G 
G 
G 
'i::g 
1 
1 
1 
1 
1 
1 
1 
1 
2 
2 
2 
2 
1 
1 
1 
1 
3 
3 
3 
3 
3 
3 
3 
3 
CORNER . LOG. WOR.TZ TIME, 
·NO. NO. DIA.,IN. MINS. 
1 
1 
1 
1 
2 
2 
2 
2 
1 
1 
1 
1 
2 
2 
2 
2 
1 
1 
l 
1 
2 
2 
2 
2 
B 
B 
B 
B 
B 
B 
B 
B 
F 
F 
F 
F 
C 
C 
C 
C 
F 
F 
F 
F 
F 
F 
F 
F 
,! 
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4 .100 
4 .100 
3.800 
3. 800 
3 :800 
3.500 
3.500 
3.500 
4.800 
4.800 
4.800. 
4.500 
5.200 
5.200 
5.200 
4.900 
5.400 
5.400 
5.400 
5.400 
5.100 
5.100 
5 .100 
4.800 
1 
3 
5 
7 
1 
3 
5 
7 
1 
3 
5 
7 
1 
3 
5 
7 
1 
3 
5 
7 
1 
3 
5 
7 
.. , 
FV:J NW 
MILS MILS 
3.3 
6.5 
11.2 
14.8 
4.4 
7.6 
10.4 
14.5 
5.2 
7.9 
11.4 
14.3 
4.6 
8.4 
11.3 
14.8 
3.5 
6.1 
8.9 
11.4 
3.8 
6.3 
7.9 
10. 2 
12.6 
21. 3 
29.3 
37.8 
13.6 
23.1 
29.8 
38.4 
14.0 
24.2 
32.3 
41. 5 
14.5 
2 4. 9 
33.6 
42.3 
13.2 
22.2 
27.7 
3 4. 2 
11. 8 
19.4 
2 4. 3 
33.6 
"' TABLE II-B 
RAW DATA FROM PERFORMANCE CHARACTERIZATION 
Cutti~g Condition Two:J Continuous Cut; V=200, d=0.150 
TOOL INSERT 
ALLOY NO. 
A 2 
P. ... 2 
A 2 
A 2 
A 2 
A 2 
A 2 
A 2 
A 2 
A 2 
B 1 
B 1 
B 1 
B 1 
B 1 
B 2 
B 2 
B 2 
B 2 
B 2 
C 2 
C 2 
C 2 
C 2 
C 2 
C 2 
C 2 
C 2 
C 2 
C 2 
1 
' 
CORNER LOG. 
NO. NO. 
1 E 
1 E 
1 E 
l· E 
1 E 
2 E 
2 E 
2 E 
2 E 
2 E 
1 C 
1 C 
1 C 
1 C 
1 C 
2 F 
2 F 
2 F 
2 F 
2 F 
1 E 
1 E 
1 E 
1 E 
1 E 
2 E 
2 E 
2 E 
2 E 
2 E 
WORK TIME, FvJ NW 
. . 
DIA. I IN. !v1INS • MILS MILS 
,, 
4.400 1 1.7 1.7 
4.400 3 2.7 2.7 
4.100 5 3.0 3.0 
4.100 7 3.2 4.0 
4.100 9 3.4 4.3 
4.100 1 1.9 1.9 
3.800 3 2.4 2.4 
3.800 5 2.9 3.2 
3. 800 7 3.1 4.2 
3.500 9 3.5 4.6 
4-. 300 1 2.2 3.8 
4.000 3 2.7 4.7 
4.000 5 2.9 5.6 
4.000 7 3.2 6.3 
4.000 9 3.5 7.4 
3.900 1 2.1 3.4 
3.900 3 2.6 5.2 
3.600 5 2.8 5.9 
3.600 7 3.3 6.7 
3.600 9 3.7 7.6 
3. 500 1 2.2 4.4 
3. 500 3 2.4 5.8 
3. 500 5 2.7 7.4 
3.200 7 3.1 8.0 
3. 200 9 3.7 8.6 
3.200 1 2.3 4.4 
3.200 3 2.5 5.7 
2. 900 5 2.8 6.6 
2. 900 7 3.1 7.6 
2. 600 9 3.5 8.3 
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TABLE II-B (continued) 
RAW DATA FROM PERFORMANCE CHARACTERIZATION 
Cutting Condition Two: Continuous Cut; V=200, d=0.150 
TOOL INSERT CORNER LOG. WORK TI.ME, 
ALLOY NO. NO. NO. DIA.,IN. MINS. FW NW 
~1ILS MILS 
D 1 3 A 2.900 1 2.6 2.8 D 1 3 A 2.900 3 3.0 5.8 D 1 3 A 2. 600 5 3.9 7. 2 .. 
' 
D 1 3 A 2.600 7 5.7 9.6 D 1 3 A 2.600 9 7.2 12. 0 
D 3 2 C 5.800 1 2.2 3.1 D 3 2~ C 5. 800 3 2.6 5.3 D 3 2 C 5.800 5 3.9 7.9 D 3 2 C 5.500 7 5.1 8.9 D 3 2 C 5.500 9 6.8 11. 4 . 
E 1 3 B 3.200 1 2.3 3.8 E 1 3 B 3.200 3 2.9 4.2 E 1 3 B 2.900 5 3.4 5.0 E 1 3 B 2.900 7 3.8 6.2 ·E 1 3 B 2. 600 9 4.1 7.8 
E 1 4 B 2. 600 1 2.0 3.2 E l 4 B 2.600 3 2.8 3.9 E 1 4 C 5. 800 5 3.1 5.1 E 1 4 C 5. 800 7 3.4 6.5 E l 4 C 5. 800 9 3.8 8.3 
F 1 1 C 5.500 1 1.9 3.1 F 1 1 C 5.500 3 2.7 5.2 F 1 1 C 5.500 5 3.1 7.6 F 1 1 C 5.200 7 3.6 8.8 F 1 1 C 5.200 9 4.1 10.4 
' F 1 4 C 4.600 1 2.0 3.0 F l· 4 C 4.600 3 2.4 4.6 F 1 4 C 4.300 5 2.8 7.2 F 1 4 C 4.300 7 3.2 9.0 1 4 C 4.300 9 3.6 11.8 
F 
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TABLE II-B (continued) 
• RAW DATA FROM PERF0&\1ANCE CHARACTERIZATION 
Cutting Condition Two: Continuous Cut; V=200, d=0.150 
TOOL INSERT 
ALLOY NO. 
CORNER LOG. WORK TIME, 
NO. . ,.NO. DIA. , IN. MINS. 
FW NW 
M.ILS 1'1ILS 
G 2 1 E 2.600 1 2.5 4.5 G 2 1 E 2.600 3 3.2 7.6 G 2 1 F 5.700 5 3.4 9.8 G 2 1 F 5.700 7 4.1 12.4 G 2 1 F 5.700 9 s.o 13.5 
G 2 2 F 5.700 1 2.3 4.3 G 2 2 F 5.700 3 3.5 7.5 G'- 2 2 F 5.700 5 3.6 10.1 G 2 2 F 5. 400 7 4.4 12.5 G 2 2 F 5. 400 9 5.2 13.8 
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TABLE III-B 
RAvl DATA FROM PERFORMANCE CHARACTERIZATION 
Cutting Condition Three: Interrupted Cut; V=200, d=0.150 
TOOL 
ALLOY 
'J 
A 
A 
A 
A 
A 
A 
A 
A 
B 
B 
B 
B 
B 
B 
B 
B 
C 
C 
C 
C 
C 
C 
C 
C 
D 
D 
D 
D 
D 
D 
D 
D 
INSERT 
NO. 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
CORNER 
NO. 
2 
2 
2 
2 
3 
3 
3 
3 
3 
3 
3 
3 
1 
1 
1 
1 
3 
3 
3 
3 
4 
4 
4 
4 
3 
3 
3 
3 
2 
2 
2 
2 
LOG. 
NO. 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
H 
I-I 
H 
H 
H 
G 
G 
G 
.G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
WORK 
DIA.,IN. 
5.800 
5.800 
5.600 
5.600 
5.200 
5.200 
5.000 
5. 00 0 
·4.200 
4.200 
4.200 
5.500 
5.500 
5.500 
5.500 
5.500 
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4.800 
4.600 
4.600 
4.600 
4.600 
4.600 
4.400 
4.400 
5.000 
5.000 
5.000 
5.000 
5.600 
. 5. 60 0 
5.600 
5.400 
TIME, 
MINS. 
1 
3 
5 
7 
1 
3 
5 
7 
1 
3 
5 
7 
1 
3 
5 
7 
1 
3 
5 
7 
1 
3 
5 
7 
1 
3 
5 
7 
1 
3 
5 
7 
FW 
MILS 
1.6 
2.0 
2.6 
3.0 
1.8 
2.3 
2.8 
3.4 
1.7 
2.9 
3.1 
3.6 
1.9 
2.9 
3.1 
3.4 
1.9 
2.7 
3.3 
3.7 
1.9 
2.5 
3 •"'2 
3.5 
2.1 
2.4 
3.0 
4.0 
1.9 
2.2 
2.6 
3.8 
' 
NW 
!'1ILS 
1.6 
2.3 
3.0 
3.9 
1.8 
2.7 
3.3 
4.3 
4.2 
6.3 
8.8 
17. 6 
4.8 
9.7 
11.6 
17. 0 
3.5 
5.1 
6.3 
7.6 
3.4 
5.0 
6.0 
7.3 
4.3 
7.3 
10.4 
16.7 
4.3 
8.7 
12.3 
17.1 
.., .. , ... 
,ffe 
I 
.I ' 
T.ll..BLE III-B (continued) 
RAW DATA FROM PERFORMANCE CHARACTERIZATION 
. . .. 
Cutting Condition Three: Interrupted Cuti V=200, d=0.150 
TOOL 
ALLOY 
E 
E 
E 
E 
E 
E 
E 
E 
F 
F 
F 
F 
F 
F 
F 
F 
INSERT 
NO. 
2 
2 
2 
2 
2 
2 
2 
2 
3 
3 
3 
3 
4 
4 
4 
4 
G 4 
G 4 
G 4 
G 4 
G 
G 
G 
G 
4 
4 
4 
4 
CORNER LOG. 
. r 
_.,. 
·J!·l;ff' 
NO. NO. 
2 H 
2 H 
2 H 
2 H 
3 I-I 
3 H 
3 H 
3 H 
2 
2 
2 
2 
1 
1 
1 
1 
3 
3 
3 
3 
2 
2 
2 
2 
II 
H 
Ii 
Ii 
H 
I-f 
H 
H 
G 
G 
G 
G 
G 
G 
G 
G 
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vlORK .. 
DIA. ,IN. 
5.300 
5.300 
5.300 
5.300 
5 .100 
5 .100 
5.100 
4.900 
5.300 
5.300 
5.100 
5.100 
\ 
4.900 
4.900 
4.700 
4.700 
4.800 
4.800 
4.800 
4.800 
5.400 
5.400 
5.400 
5.400 
TI.ME ·-·· 
. , 
11INS. 
·l 
3 
5 
7 
1 
3 
5 
7 
1 
3 
5 
7 
1 
3 
5 
7 
1 
3 
5 
7 
1 
3 
5 
7 
F1i 
MILS 
1.8 
2.1 
3.1 
3.4 
2.0 
2.4 
2.8 
3.6 
2.3 
2.8 
4.1 
4.6 
2.4 
3.1 
4.0 
4.7 
1.4 
2;6 
2.9 
3.2 
1.3 
2.5 
3.1 
3.5 
NW 
I 
MILS 
2.5 
4.0 
5.5 
5.9 
2.7 
3.9 
5.1 
5.8 
11.2 
13. 9 
16. 0 
18.0 
10. 8 
13. 4 
15.2 
18.4 
2.5 
4.1 
5.1 
5.7 
2.3 
4.0 
5.1 
6.0 
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